Abstract -A biological survey of wetlands in the Wheatbelt and adjacent coastal areas of south-west Western Australia was undertaken to document the extent and distribution of the region's aquatic invertebrate diversity. Two hundred and thirty samples were collected from 223 wetlands, including freshwater swamps and lakes, salinised wetlands, springs, rivers, artificial wetlands (farm dams and small reservoirs), saline playas and coastal salt lakes between 1997 and 2000. The number of aquatic invertebrates identified from the region has been increased five-fold to almost 1000 species, of which 10% are new and known to date only from the Wheatbelt, and another 7% (mostly rotifers and cladocerans) are recorded in Western Australia for the first time. The survey has provided further evidence of a significant radiation of microcrustaceans in south-west Western Australia. Comparison of the fauna with other regions suggests that saline playas and ephemeral pools on granite outcrop support most of the species likely to be restricted to the Wheatbelt. Most species were collected infrequently, but for many of the least common species the Wheatbelt is likely to be on the periphery of their range.
INTRODUCTION
The Wheatbelt region of south-west Western Australia occupies some 220 000 km 2 between the south-west forests and the more arid regions to the north and east and is approximately bounded by the 300 and 600 mm annual rainfall isohyets ( Figure  1 ). Long renowned for the richness and endemism of its flora (Hopper, 1979) , the region is also unique in terms of the extent and severity of dryland salinity (NLWRA, 2001; Short and McConnell, 2001; Williams, 1987 Williams, ,1999 . Extensive clearing of native vegetation has resulted in severe hydrological imbalance and, as a consequence, agricultural and natural environments are being adversely affected by rising groundwater, increased salinity and associated problems (Clarke et al., 2002) . The Western Australian Salinity Action Plan (Anonymous, 1996) highlighted the likely detrimental impact of these processes on biodiversity but also noted that effective prioritisation of conservation activities was hampered by inadequate knowledge of the diversity and biogeographic patterning of the region's biota. To address this information gap, one DOI: 10.18195/issn.0313-122x.67.2004.007-037 8 of the major undertakings of the Salinity Action Plan was a biological survey of the Wheatbelt. The aims of the survey were 1) to document the extent and distribution of the region's floral and faunal diversity, 2) to investigate abiotic influences on community composition and occurrence of species assemblages and 3) to provide data to assist with selection of high biodiversity catchments for the Natural Diversity Recovery Catchment program (Anonymous, 1996) . This paper on the region's aquatic invertebrate fauna is one of a series arising from the survey (see other papers in this volume). The survey was supplemented by data from a separate wetland monitoring project (Cale et al., 2004) , also part of the Salinity Action Plan.
The Wheatbelt has both a very large number and a considerable diversity of wetlands (Halse et al., 1992;  Pen, 1997) but the aquatic invertebrate assemblages inhabiting these are poorly documented. While there have been several previous studies of aquatic invertebrates in the region, these have been of limited geographic scope or low taxonomic resolution or have focussed on particular habitats or taxa (Bayly, 1997;  Brock and Shiel, 1983;  Doupe and Horwitz, 1995; Geddes et al., 1981;  Halse, 1981;  Halse, Pearson et al., 2000; Kay et al., 2001; Koste et al., 1983; Rippingale, 1981) . These, together with various taxonomic works, collectively identified around 200 taxa in the Wheatbelt. In this paper we aim to describe more. fully the region's aquatic invertebrate fauna, categorize wetlands on the basis of their invertebrate communities and relate the distribution of the fauna to environmental attribu tes, including secondary salinisation. Elsewhere in this volume, Lyons et al. (2004) present a similar analysis of wetland flora examine conservation priorities for Wheatbelt wetlands in a combined analysis of waterbirds, aquatic invertebrates and wetland plants. In addition, Pinder et al. (2000 recently examined particular components of the aquatic invertebrate fauna (those inhabiting granite outcrop pools and those restricted to salt lakes) apd Blinn et al. (2004) compared distributional patterns of diatoms and microinvertebrates from a sub-set of the wetlands studied here. Finally, Halse et al. (2003) examined the prospects for Wheatbelt aquatic biodiversity in the face of salinisation and Pinder et al. (2005) provided a more detailed review of salinity tolerance within the region's aquatic invertebrate fauna.
STUDY AREA AND METHODS

Extent
This survey was centred on the Wheatbelt region of south-west Western Australia, essentially the Avon-Wheatbelt and Mallee bioregions of Thackway and Cresswell (1995) , but extended to the A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel south and north coasts to include the Esperance Sandplains and Geraldton Sandplains bioregions and into the eastern part of the Jarrah Forest ( Figure  1 ). The most northerly and easterly sites surveyed were reaches of the Murchison and Thomas Rivers respectively, while wetlands of the Lake Muir complex were the most south-westerly.
Geology and hydrology
The study area has a largely granitic/gneissic basement geology, dominated by the Archaean Yilgarn Craton inland with Permian granites underlying the Geraldton Sandplains and parts of the Esperance Sandplains (Geological Survey of Western Australia, 1990) . The Yilgarn Craton is a deeply weathered plateau of low relief (mostly 300 to 600 m ASL), poorly drained by an extensive system of in-filled palaeovalleys that constitute the episodically flowing upper catchments of the major rivers (Blackwood, Swan-Avon and Moore) (Beard, 1997; Commander et al., 2002; George, 1992) . These systems consist of broad vegetated flats (up to 15 km wide) with shallow braided channels, mosaics of thousands of wetlands and associated alluvial aquifers. Most of these wetlands are naturally saline playas that vary in size from less than a hectare to over 100 km 2 and become increasingly saline and seasonal with distance from the coast. Freshwater wetlands, mostly seasonal claypans and vegetated swamps, are also common on the plateau but tend to occur higher in the landscape or in the higher rainfall south-western areas. West of the Meckering Line ( Figure 1 ) drainage lines are better defined and flow is more reliably seasonal. Valleys are also more incised along the south coast, so the Esperance Sandplains and the southern edge of the Mallee bioregion are relatively well drained by short seasonal rivers flowing into seasonally to permanently closed estuaries (Beard, 1999;  Hodgkin and Hesp, 1998) . Lentic waters in this region include seasonal freshwater swamps, playas in the upper catchments of some rivers, and wetlands formed by coastal processes, the latter including semi-permanent to permanent lakes. The Geraldton Sandplains bioregion has a variety of seasonal to semi-permanent freshwater swamps and lakes, numerous springs, a line of salt lakes near the coast and a number of fresh to moderately saline seasonal rivers. Many of the latter are short and arise within the bioregion, but some originate further inland, and some become subterranean or enter coastal lakes or semi-closed estuaries rather than discharging directly to the sea.
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Climate and timing of sampling
The climate of south-west Western Australia is characterised by mild wet winters and hot dry summers. Average annual rainfall attenuates from the south-west to the north-east, with rainfall declining from 1400 mm in the far south-west to about 600 mm along the western edge of the study area to less than 300 mm further inland. Rainfall is highly seasonal and length of the dry period (rainfall less than evaporation) increases from 2 to 4 months in coastal regions to 7 to 8 months in the interior (Gentilli, 1972) . The main temperature gradient is latitudinal, with temperatures increasing northwards rather than from coast to inland.
Sampling was undertaken in late winter or spring between 1997 and 2000 when water depths of wetlands and rivers were likely to be at or near their annual maximum. Wetlands of the central Wheatbelt were mostly sampled in 1997 following near average autumn and winter rainfall (other than some higher rainfall in the eastern central Wheatbelt in late winter/early spring), those of the southern Wheatbelt were mostly sampled in 1998 following average to above average autumn and winter rainfall and northern Wheatbelt wetlands were mostly sampled in 1999 after exceptional rainfall in March and May resulted in very high water levels (and low salinities) for the rest of the year. A few extra wetlands in the central and southern Wheatbelt were sampled in spring 2000 following average to below average autumn and winter rains. Wetlands included in the wetland monitoring project (Cale et a/., 2004) were also sampled in spring 1997 to 1999 but not necessarily in the same year as survey sites in the same area.
Site selection
A total of 223 wetlands were sampled (Appendix 1): 207 during the biological survey project and 16 during the wetland monitoring project. Seven wetlands were sampled in both studies to give 230 sampling events. Survey sites were selected following literature review, field reconnaissance and consultation with other agencies, community groups and landholders, with the aims of including all wetland types present in the Wheatbelt and obtaining a wide geographic coverage of each type. Wetlands for the monitoring project were selected according to criteria specified in Cale et al. (2004) and were sampled every second spring, with one sampling date chosen for each wetland for inclusion in the analyses presented below. Wetlands surveyed included naturally saline playas and coastal lakes, secondarily salinised wetlands, freshwater wetlands such as claypans, swamps, open lakes, granite outcrop pools and artificial wetlands (farm and town water supply reservoirs), rivers, A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel palaeodrainage channels and springs. The location of each site was determined in the field with a hand-held GPS using datum GDA 1984.
Sampling
On each sampling occasion, two invertebrate samples were collected: one benthic sample using a 250 !-lm mesh net to sample all habitats (including sediments, detritus, submerged vegetation and the water column), and a plankton sample using a 50 pm mesh net to sample the water column and submerged vegetation. Each sample involved sweeping for a total of 50 m (not usually contiguous) within wadeable depth. The benthic sample was preserved in 70% alcohol and the plankton sample in buffered formalin (Huys and Boxshall, 1991) . Samples were sieved into size fractions and representatives of all taxa were removed from the sample under a dissecting microscope. At each site, pH and conductivity were measured using a WTW Multiline P4 meter. Water samples were collected approximately 15 cm below the water surface for laboratory analysis of total dissolved solids (APHA, 1995 , turbidity (APHA method 2130B), colour, alkalinity, hardness, concentration of major ions, silica, total filterable persulphate nitrogen and phosphorus and filterable nitrate/nitrite. Samples for nutrient analyses were passed through a filter paper of pore size 0.45 pm and frozen in the field, except for highly turbid samples, which were frozen un filtered and centrifuged prior to analysis. Chlorophyll a,b,c plus phaeophytin a (APHA, 1995) were measured from phytoplankton retained on a glass-filter paper with pore size 45 pm after filtering at least 500 ml of water. Concentrations of all chlorophyll fractions were combined for analysis.
For each wetland in the northern Wheatbelt, three sediment cores were taken using a 50 mm diameter PVC pipe, normally to a depth of 30 to 50 cm. Texture group, sensu Northcote (1971) , was determined for all recognizable horizons of one replicate core per wetland and texture for the upper two horizons used in analyses. The upper-most horizons of all three cores were combined and analysed for sediment particle size (% silt, clay, sand, stones), pH, conductivity, % gypsum, % chloride and % organic content (loss on ignition at 550°C).
Invertebrate identification
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All but four of the freshwater wetlands had Na+-dominated cation composition, with the exceptions having Ca 2 +:>Na+:>Mg2+:>K+. Cation composition in Na dominated wetlands was usually Na+>M g 2+>Ca 2 +>K+ but 13 wetlands had Na+>Ca 2 +>M g 2+>K+ and another 13 had Na+:>Mg2+:>K+:>Ca 2 +. Most freshwater wetlands were Cl"-dominated, either Cl">HC0 3 >SO/ (57 sites) or Cl">SO/>HC0 3 " (17 sites, mostly granite outcrops, streams and vegetated swamps), but 12 sites, mostly small dams and shallow claypans, had HC0 3 ">Cl" >SO/.
Most wetlands had circum-neutral to moderately alkaline pH but a few salt lakes, mostly in the central and southeast, were notably acidic (pH 2.1 to 5.0). These acid salt lakes tended to have high silica concentrations (>10 mg Lt) compared with alkaline salt lakes, though many freshwater wetlands had even higher concentrations. Some of the shallow freshwater claypans, plus two deeper lakes along the north coast had turbidity >1000 NTU, and some of the shallow saline playas with clay sediments had turbidity 250 to 1200 NTU (presumably owing to suspension of sediments by wave action).
Significant correlations, with R2 >0.5, were found between several climate and geographic variables and between various ionic composition and related variables, for example salinity was strongly correlated with hardness (R2 = 0.84) and turbidity was correlated with concentration of silica (R2 = 0.69).
A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel Aquatic invertebrate diversity At least 957 taxa were collected from wetlands during the biological survey and wetland monitoring projects (Appendix 3). Species richness at a site varied from 0 (at the highly saline and acidic Lake Gounter, SPS020) to 107 (Arro Swamp, SPS183) and averaged 40.1 ± 1.6 per wetland. Approximately half of the taxa were identified as formally described species, with most of the rest assigned species codes. Microinvertebrates (protozoans, rotifers, cladocerans, ostracods and copepods) constituted about half of the fauna while most of the remainder were insects. Groups with most species were rotifers (18% of total richness), cladocerans (12%), ostracods (10%), copepods (8%), dipterans (18%, mostly chironomids), beetles (9%, half dytiscids), annelids (4%) and water mites (3%). Testate protozoans listed in Appendix 3 were bycatch of a sampling program designed to collect multicellular animals and are a small fraction of the protozoan fauna that would be collected using appropriate techniques.
About 10% of species were confirmed as undescribed and recognised for the first time in this study. Most of these were rotifers, particularly Lecanidae (Segers and Shiel, 2003) , ostracods and cladocerans. The latter include a proliferation of chydorids, a group which has radiated in the south-west of Western Australia (Frey, 1991 (Frey, ,1998 . There were also new oligochaetes (e.g. Pinder and Halse, 2001 ), a leech (possibly a new genus of Hirudinidae), a Manayunkia polychaete, two snails (Glacidorbis and Bithynia), at least one conchostracan (Caenestheriella), many copepods including Calamoecia trilobata (Halse and McRae, 2001 ), a brine shrimp (Parartemia), two Branchinella fairy shrimps (Timms, 2002) and several beetles, including Antiporus mcraeae and Antiporus pennifoldae (Watts and Pinder, 2000) and new species of Paroster. In addition, some of the chironomids are undoubtedly larvae of undescribed species.
Another 7% of taxa were recorded in Western Australia for the first time. Most of these were rotifers (40 species and 10 genera, with Notholca saUna and Plationus polyacanthoides new to Australia) or cladocerans (21 species), reflecting the paucity of study of smaller microfauna in Western Australia. Austrotrombella n. sp., from two streams in the north of the study area, plus subsequent unpublished records from nearby mound springs, represent the only records of this water mite genus outside southeastern South Australia. The polychaete Manayunkia n. sp., from south coast lakes and two inland sites, is the only polychaete recorded from inland playas, as opposed to coastal salt lakes. Its only Australian congener inhabits coastal salt lakes of South Australia's Coorong region (De Deckker and Geddes, 1980) . The jellyfish collected from one 
Invertebrate assemblages
Classification of species according to their patterns of co-occurrence was based on a matrix of 549 species by 202 wetlands, after exclusion of singleton species and sites, artificial wetlands, protozoans and a number of taxa (such as nematodes) that were considered likely to represent multiple species. This classification (shown as a simplified dendrogram in Figure 2 and fully in Appendix 4) was combined with a classification of sites according to community composition (detailed below) to produce a two-way table from which 10 assemblages of species with similar patterns of occurrence were recognised. Figure 3 presents an index (f,) of fidelity of assemblages to site groups derived from the equation in Boesch (1977) scaled to values between 0 (absence of an assemblage in a site group) and 1 (complete fidelity). To investigate preferred habitats of these assemblages, generalised linear modelling was used to relate species richness of an assemblage at a wetland to its environmental attributes. Models are presented in Table 1 with associated Rl values. Wald statistics were significant (mostly P <0.001) for all parameters and variance inflation factors were all below 3.0, indicating there was little auto-correlation among predictor variables. The assemblages were:
Assemblage A: A large assemblage of 148 species, mostly collected in freshwater swamps in the Jarrah Forest and Esperance Sandplains bioregions. The generally south-western distributions of assemblage A species were typified by common species such as the copepod Calamoecia attenuata, Pertfzia amphipods and the beetle Uvarus pictipes, though most species of the assemblage were collected infrequently. Rotifers and cladocerans were particularly well represented. Many assemblage A species have been widely collected in the wetter south-west previously and the assemblage appears to be a mesic-adapted fauna for which the inland and northern Wheatbelt, characterised by more seasonally variable water chemistry and hydrology, probably represents sub-optimal habitat. Notable exceptions were three SUbgroups of 10 to 13 species, each of which were more widespread but sparsely distributed and co-occurred at one of three more inland or northern sites (Lake Cronin, SPS003; Arro Swamp, SPS183; Punjewerry Claypan, SPS197). These seemingly mis-classified species were in fact hygrobiid beetles (larvae from two swamps in the south-west of the study area) prompted Hendrich (2001 b) to undertake further fieldwork and publish the new species Hygrobia wattsi. Several species, such as the beetles Hydrocfzlls lateviridlls and LaccopllllllS sfzarpi and the dragonfly Austrogomplllls gordolli were known from northern or inland Western Australia, but had not previously been collected in the south-west. no more common in the higher rainfall south-west than elsewhere and further collection would probably reveal distributions more like those of assemblages 0 and E below. High richness of assemblage A was associated with high precipitation, low salinity and low alkalinity ( Table   1) .
Assemblage B: Thirty-three species most likely to be found in, or even restricted to, pools on granite outcrops, though some were also common in shallow claypans, suggesting a general affinity for ephemeral freshwater. Most species occurred infrequently, even on granite outcrops. Cladocerans, ostracods and conchostracans were Two-way Aquatic invertebrates comparatively well represented in this assemblage and several of them, including :V[acrotlmx Ilardlllgl, Dapllllia jolllji and Boeckella opal/lla were already known to be closely associated with granite outcrop pools. Several singleton species, excluded from analysis, are also known or suspected to be strongly associated with granite outcrop pools, including Aedes occidentalis, Brmlchinella /ol/girostris and new species such as Asplanchnoplls n. sp., Celsil/otum n. sp. and several ostracods (Pinder et ai, 2000) . Daphnia jollyi, previously known only from granite pools, was collected from two other freshwater habitats (a Me/aiel/ca swamp in the northern Wheatbelt and a shallow open lake near the southcoast) showing that the association with granite outcrop pools may not be as rigid as assumed for some species. Species common in c1aypans were Branchinella affinis, Caenestheriella n. sp. and Berosl/s I/lltmlS. Assemblage C: A suite of 19 species that showed a strong preference for freshwater swamps and lakes of the more inland and northern parts of the Wheatbelt and, for some species, rivers flowing to the west coast. Most of the species are widely distributed in southern Australia and occur on the Swan Coastal Plain (Davis et ai, 1993) and/or in the Carnarvon Basin (Halse, Shiel et ai, 2000) . Richness was weakly predicted by the presence of flow, high longitude, low salinity and circum-neutral pH (the pH' term indicating lower richness in more alkaline water) (Table 1) .
Assemblage D: A group of 56 mostly halotolerant species that were collected infrequently but occurred in a wide range of fresh to subsaline wetlands across the Wheatbelt, rarely occurring in more saline waters. Many of the species have pansouthern distributions, though some are known to date only from the Wheatbelt. Rotifers, copepods and c1adocerans were disproportionately well represented in assemblage D but chironomid midges and dytiscid beetles were underrepresented. Richness was related to low latitude, high chlorophyll and low salinity (Table 1 ), but the model had low predictive power, probably related to the sparse occurrence of the species and their distribution beyond the study area. Salinity was the parameter accounting for most variation in assemblage richness.
Assemblage E: These 91 widespread species occurred across the same broad range of fresh to subsaline wet lands as assemblage D but were collected more frequently. In contrast to assemblage 0, taxonomic composition was biased towards insects rather than microinvertebrates. A small subgroup of well-known halotolerant species, including the midges Tanytarslls fllscithorax and Procladills pallldicola, the amphipod Allstrochiltonia sllbteJlllis, the beetle Necterosoma penicillatlls and the damselfly Al/strolestes all1ll1loSIlS were particularly eurytolerant 15 with respect to salinitv (e.g. up to 77 g LI for A. slIbtenl/is) but most assemblage D species were restricted to salinities of S; 10 g L 1 High richness of the assemblage was strongly associated with low salinity and there was a weak but significant association with low latitude (Table 1) Assemblage F: A group of 83 species most frequently collected in fresh to mildly subsaline (<5 g LI) lentic wetlands and rivers. A disproportionate number of these species were rotifers whereas dipterans (other than chironomids) were underrepresented. As for assemblage A, high richness was associated with freshwater in more coastal or south-westerly high rainfall regions but individual species of assemblage F occurred more widely across the study area than those of assemblage A.
Assemblage G: The 38 species in this assemblage, mostly ostracods, brine shrimp, copepods and dipterans, showed a strong preference for naturally saline wetlands with moderate to high salinity (maximum richness at salinities 30 to 150 g Ll). Half of the species were undescribed or were unidentified dipteran larvae, showing that much remains unknown about salt lake invertebrates. Most assemblage members, such as Diacypris ostracods, were widespread but some of the Parartemia species showed restricted distributions that matched boundaries observed during the doctoral studies of A. Savage (The University of Western Australia, pers. comm.). Whatever their geographic distribution, most species were collected infrequently and very few were collected in secondarily saline wetlands. Species of assemblage G seem to tolerate wide ranges of salinity, e.g. the commonly occurring copepod Meridiecyclops baylyi was collected in an inland secondarily saline wetland of 20 g LI but also at 180 g LI in the coastal, naturally saline Hutt Lagoon and the ostracod AlIstralocypris bennetti was collected in waters of salinity 33 to 240 g L 1 . A small number of species showed a strong preference for highly acidic salt lakes: the copepod Calamoecia trilobata (pH 3.0 to 6.3), brine shrimp Parartemia contracta (2.4 to 4.2) and ostracods Reticypris sp. 556 (3.0 to 4.0) and Diacypris sp. 523 (twice at 3.8). Other species sometimes occurred at low pH but most were absent from the acidic sites. Richness of assemblage G was weakly predicted by highly seasonal rainfall, high salinity and low %HCO J (Table 1 ). The latter variable was the strongest model parameter when considered alone, but did not add much to a model already including rainfall variability and salinity. Low 'Yc)HC0 3 seems to indicate the presence of moderate to high salinity (when %HC0 3 is negligible in Western Australian water) rather than being of direct biological relevance by itself.
Assemblage H: Twenty-five species, half of which were ostracods or dipterans, that showed a strong affinity for subsaline to moderately saline waters, including saline streams of the south coast, though a few occurred occasionally in freshwater. These species were less likely to avoid secondary salinity than members of assemblage C. Most are widespread in the south-west and southern Australia, with the exception of two Coxiella snails that may be endemic. Inclusion of salinity quartiles 1 and 3 in the model reflected the non-linear response of richness to salinity, with peak richness of this assemblage in the 5 to 50 g L-l range. Inclusion of pH reflected particularly high richness in more alkaline wetlands within the above salinity range.
Assemblage I: A group of 22 species most frequently collected in saline streams flowing to the south coast but also found occasionally in saline lentic wetlands located either near the coast or with some hydrological connection to saline streams. Copepods and macrocrustaceans were particularly well-represented in this assemblage, most members of which are widely distributed in southern Australia. A number of species, including Capitella polychaetes, the snail Ascorhis occidua and amphipod Melita kauerti primarily inhabit estuarine or coastal habitats but were found to extend well upstream in saline rivers and to occur in some associated lentic wetlands. Also included was a southern Australian caddisfly, Symphitoneuria wheeleri, which has an affinity for saline waters. Richness in this assemblage was associated with the presence of flow, southerly latitudes, coastal situations (indicated by low elevation) and moderate salinity (Table 1) .
Assemblage J: Thirty-four species that occurred in fresh to subsaline streams in catchments draining to the west coast, but rarely in more saline streams or lentic wetlands. High richness of this insectdominated assemblage was associated with the presence of flow, high annual precipitation, low precipitation during the driest quarter and low salinity ( Table 1 ). The association with the climate variables is related to the generally north-western locations of the low salinity rivers sampled in this survey.
Wetland classification
Fourteen groups of wetlands (WCl to WC14) were identified from the classification of wetlands according to the composition of their aquatic invertebrate communities (Figure 2 , AppendiX 4). The geographical distribution of sites within each group is shown in Figure 4 while Table 2 summarises species richness, fidelity of species to wetland community groups and occurrence of singleton species. Box-plots of selected environmental variables by wetland group are presented in Figure 5 . Analyses of variance indicated that all environmental variables (except for chlorophyll) differed A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel significantly between the wetland groups (mostly with P <0.001). To further investigate the contribution of particular wetland groups to these differences, Neumann-Keuls post-hoc tests were performed and results of these are discussed in relation to wetland groups below.
The major division in the dendrogram was between 117 wetlands (WCl to WC9) with speciesrich communities dominated by assemblages A to F (plus I and J in rivers) and 85 wetlands (WClD to WC14) with depauperate communities dominated by assemblages C and H. The former groups were mostly composed of fresh to subsaline wetlands (3.7 ± 0.4, 0.03 to 21 g Cl) whereas wetlands of WCI0 to WC14 were mostly saline (71.7 ± 6.6,3.4 -300 g LI), with most of the overlap in salinities occurring in the 10 to 20 g Cl range. Five of the wetlands in the higher salinity part of the dendrogram were subsaline (3.4 to 8.4 g V) when sampled but four of these were more saline (13 to 25 g Ll) about six weeks prior to sampling. Communities in those four wetlands reflected the earlier salinity (species poor, with Haloniscus searlei and Australocypris insularis present but numerous species normally associated with low salinity conditions absent, such as Polypedilum nubifer, Sarscypridopsis aculeata and Anisops thienemamli). This seems to account for the occurrence of these subsaline wetlands in the more saline part of the classification. Similar reductions in salinity (owing to localised rainfall events) did not occur for subsaline wetlands of the freshsubsaline part of the classification. Four sites, which either formed a small group by themselves (SPS179, SPS186 and SPS076) or which mis-c1assified with obviously dissimilar wetlands, apparently on the basis of low richness (SPS087), were excluded from analyses of variance.
WGl: Species-rich freshwater wetlands. Twentythree mostly freshwater lentic wetlands located primarily in the southern Avon-Wheatbelt and Mallee regions, plus a few northern and southeastern coastal sites. These were a diverse array of lakes varying in level of disturbance, vegetation type and cover, basin morphology, depth, water chemistry and sediments. Communities in these wetlands were distinguished from those of other freshwater and subsaline wetlands by high richness of assemblages C, E and F, with the first-mentioned having moderate fidelity to WC1. Communities of three widely separated wetlands (Lake Cronin, SPS003; Arro Swamp, SPS183; Qualeup Lake, SPS032) included particular subsets of 10 to 13 species from assemblage A, but this assemblage was otherwise poorly represented in wetlands of WC1. Total richness in these sites was higher than in other groups of freshwater wetlands, except for the southern swamps (WC 9).
The next two groups of freshwater wetlands had faunas that were essentially depauperate versions o ft h o s eI n w i t h m u c h l ow e rr i c h n e s so f a s , ; e n 1 b l a g ( c sCa n dFi n p a r t i c u l a r .
WG 2 : C l a y p a n s . T h e s e e i g h ts h a l l owa l k a l i n e c l a y p a n s( d e p t h < 3 0cm ,pH8 . 6± w e r el o c a t e d i nt h eA v o n -W h e a t b e l t a n di n l a n dp a r t so f t h e C e r a l d t o n S a n d p l a i n s , t h o u g hw e tl a n d so fs im i l a r a p p e a r a n c ei np a r t so ft h eM a l l e e m i g h t h a v e s im i l a rc omm u n i t i e sh a d h e l d w a t e r w h e n v i s i t e d .T u r b i d i t y , w h i l e l owi ns om e s i t e sw h e n s am p l e d ,w a s s i g n i f i c a n t l yh i g h e r( P < 0 . 0 0 1 ) i nt h i sg r o u pt h a ni no t h e rs i t eg r o u p sa n d a l ls i t e sh a d s e d im e n t s .' T h e s e c l a y p a n sa l s o h a ds i g n i f i c a n t l ym o r e p h o s p h o r u st h a nm o s t s i t e g r o u p s( u s u a l l yP< 0 . 0 1 ) . N um e r o u s t h a t F i g u r e5 B o x p l o t so fs e l e c t e de n v i r o nm e n t a lv a r i a b l e s(w i t hm e a n , s t a n d a r de r r o ra n dm i n im um a n dm a x im um r e p r e s e n t e d b yt h e p o i n t ,b o xa n db a r sr e s p e c t i v e l y ) f o r e a c ho ft h e 1 4w e t l a n dg r o u p s .
w e r e o t h e rw i c omm o n a n d w i d e s p r e a d i n f r e s l l \ v < 1 t e r ,s u c ha s t h e< 1m p h i p o d A l I s ! r o c ! z l ! t o l l l a s u b t C l l l I l Sa n ds e v e r a lc h i r o n om i d s , m o s q u i t o e s , b e e t l e sa n dd r < 1 g o n f l i e st e n d e dt ob ea b s e n tf r om c l a y p a n s .C o n v e r s e l v , s e v e r a ls p e c i e sf r omv a r i o u s a s s em b l a g e sw e r e c omm o ni nc l a y p a n sb u tr a r et o a b s e n te l s ew h e r e , i n c l u d i n gt h ef a i r ys h r im p B r a l l c ! z i l l c l l a am i d g e P a r a c l a d o p e lm a s p .A , I s i d o r e l l as n a i l sa n dc o n c h o s t r a c a n sb e l o n g i n g t o C a e l 1 e s t ! z c r i e l l a a n dL t / I l c e u s . S i t e g r o u pW C l a l s o i n c l u d e d s om ev e r vt u r b i d w e tl a n d s b u tt h e s e w e r e d e e p e r ( > ! . 5m e t r e s ) a n dd i d n o t c o n t a i n t h e c l a y p a ns p e c i e s .
WG 3 : N o r t h e r n t r e esw am p s .S i x f r e s hw a t e r w e t l a n d s d om i n a t e db yt r e e so r( f o ro n es i t e )t r e e s a n ds am p h i r e ,l o c a t e di n l a n do n t h eC e r a l d t o n S a n d p l a i n sa n dt h en o r t h e r ne x t e n to ft h eA v o n -W h e a t b e l t . T h i s g r o u p o fw e t l a n d s w e r e l e s s a l k a l i n e( P< 0 . 0 1 ) ( pH7 . 1 ±0 . 4 )a n dh a ds a n d i e r s e d im e n t st h a nt h ec l a y p a n sa n dh i g h e r(m o s t l yP < 0 . 0 1 ) p h o s p h o r u sc o n c e n t r a t i o n st h a no t h e rs i t e g r o u p s ,e x c e p tf o rW C l a n dW C 2 . T h ec o n t r i b u t i o n o fc a l c i umt oc a t i o nc o n c e n t r a t i o nw a s h i g h e r ,a n d c o n t r i b u t i o no fs o d i uml ow e r , i n t h e s e sw am p s t h a n w e t l a n d s o fo t h e rs i t eg r o u p s( P< 0 . 0 5 t o<O .O C l I ) .
T h e r e w a s s om ec om p l em e n t a r i t yi nt h ef a u n ao f t h en o r t h e r n t r e esw am p sa n dc l a y p a n s , w i t h sw am p sl a c k i n gs om es p e c i e st y p i c a lo fc 1 a y p a n s b u tc o n t a i n i n gs om es p e c i e sn o t a b l ya b s e n tf r om c 1 a y p a n s .O t h e rw i s ec omm u n i t i e so fWC 3 w e t l a n d s w e r e s im p l yd e p a u p e r a t ev e r s i o n so ft h o s e p r e s e n t i nw e t l a n d s o fW C l , e x c e p tt h a tC l I l e x a u s t r aU c l l s m o s q ud o e s w e r e n o t a b l v c omm o n i nt h e s e w e t l a n d s . WG 4 a n d WG 5 : S u b s a l i n e w e t l a n d s . T h e m a j o r i t y o fs u b s a l i n el e n t i cw e tl a n d sf o rm e dtw o s i s t e rg r o u p si nt h ed e n d r o g r am ,w i t h w e tl a n d so f WC 4 h a v i n gh i g h e rs a l i n i t y( 8 . 6±0 . 8g L 1 ) t h a n 1 9 t h o s e o fWC 5 ( 4 . 0 ±0 . 8g LI ) ( E ' T h e s eg r o u p s i n c l u d e ds om en a t u r a l l ys a l i n es am p h i r ep a n sa n d h e a l t hY M e l a l e l l c a c l i t l c u l a n s sw am p sb u t m o s t s h ow e d s i g n s o f m i l d t os e v e r e s e c o n d a r y s a l i n i s a t i o n .C om r n u n i t i e s i nw e t l a n d s f r omb o t h g r o u p sw e r e c h a r a c t e r i s e db yf r e q u e n to c c u r r e n c e o f b o t h h a l o p h i l e s ( o f a s s em b l a g e H ) a n d h a l o t o l e r a n ts p e c i e s( o fa s s em b l a g e s0 a n dE ) b u t l owr i c h n e s so ft h o s ea s s em b l a g e st h a ta p p e a rt o h a v el e a s tt o l e r a n c eo fs a l i n i t y(A ,C a n dF ) .T h e s e g r o u p so fs u b s a l i n ew e t l a n d
WG 6 a n dWG 7 : R i v e r s .S e v e n t e e no ft h e 2 3s i t e s w i t h f l ow i n gw a t e r c l a s s i f i e dt o g e t h e r( F i g u r e2 , A p p e n d iX 4 ) . E x c e p t i o n s w e r e f o u rh i g h l ys a l i n e c h a n n e l s w i t h l ow f l ow w i t h i n i n l a n d p a l a e o d r a i n a g e f l a t s( S P SO I 4 ,1 8 4 , 2 0 7a n d2 0 8 ) , w h i c h c l a s s i f i e dw i t h s a l tl a k e s ,a n d2s u b -s a l i n e r i v e rp o o l s w i t h s u b s t a n t i a lb a c kw a t e r h a b i t a t ( S P S 0 2 6a n d 0 ( 3 ) t h a tc l a s s i f i e d w i t h l e n t i c w e t l a n d s .T h i sr i v e r i n e d om i n a t e ds u i t e o fw e t l a n d s w a s s u b -d i v i d e di n t oWC 6 ( f o u rr i v e r sa n dtw o l a k e s ,a l ls u b s a l i n et os a l i n ea n de i t h e rf l ow i n gt o , o rl o c a t e d n e a r ,t h e s o u t hc o a s t )a n dWC 7 ( 1 3f r e s h t os u b s a l i n er i v e r sa n ds p r i n g sf l ow i n gt ot h e w e s t c o a s t ) .T h es o u t hc o a s ts i t e sw e r e l e s ss p e c i e s -r i c h T a b l e2 S umm a r vo f r i c h n e s s b yw e tl a n d g r o u p .
T a x au s e di n m u l t i v a r i a t e a n a l y s e s T o t a ln o . S p e c i e s M e a n N o . W e t l a n d than the western sites, but were distinguished by high richness and fidelity of assemblage t which includes several coastal or estuarine species that are able to penetrate well upstream in saline rivers and have colonised saline wetlands near the coast. By contrast, the western rivers of WC7 were distinguished by particularly high richness and fidelity of assemblage L with freshwater and halotolerant species from assemblages C E and F contributing to higher total richness than WC6. WG8: Pools on granite outcrops. Nine ephemeral pools on nine granite outcrops that had lower salinity than other wetland groups (P <0.001), lower alkalinity (P <0.01) and silica (P <0.001) than other groups of freshwater wetlands and lower phosphorus (P <0.05 to <0.001) than all other groups except for westerly flowing rivers (WC7). Also, the contribution of sulphate to anionic composition was higher (P <0.05 to <0.001) in these pools than in any other site group, except for the subsaline wetlands of WG4. Pool communities were not especially rich, perhaps because of their small size and relatively simple habitat, but assemblage B showed high fidelity to this habitat. Pinder et al. (2002) concluded that communities in wheatbelt outcrop pools are different from those of similar environments of the more mesic south-west studied by Bayly (1982 Bayly ( , 1997 . A number of species previously known only from granite outcrops have subsequently been collected from other freshwater habitats during this survey. One c1aypan, SPS087, mis-classified with the granite sites because of similarly low species richness rather than a shared fauna and its occurrence in WG 8 is discounted.
WG9: Southern swamps. Freshwater swamps in the Jarrah Forest and Esperance Sandplains ( Figure  4 ). Most were dominated by sedges but some had Eucalyptus occidentalis (Swamp Yate) or Melaleuca spp. across the bed. Communities in these swamps had particularly high richness of freshwater assemblages A and F (the former showing particularly high fidelity to these swamps) but included fewer halotolerant species (from assemblage E) than other freshwater community types.
The primary division within the more saline part of the classification is between wetlands of WG10 to WG12, with higher richness of halotolerant freshwater species (Assemblage E) and halophiles preferring moderate salinities (Assemblage H), and those of WC13 and WG14 with lower richness of these assemblages. The richer wetlands also had more moderate salinity (44 ± 4, 5.4 to 120 g Cl) than the more depauperate wetlands (124 ± 12, 33 to 300 g L-I). In general, structure in this more saline part of the dendrogram tended to reflect the likelihood of occurrence of particular species rather than fidelity of whole assemblages. Other than for salinity and pH, the groups in this portion of the A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel dendrogram were much more uniform with respect to many of the environmental attributes than were the lower salinity groups. All five salt lake groups were dominated by wetlands with Na-Mg-Cl-S0 4 (lB) precipitation pathways.
WGIO: Secondarily saline and degraded naturally saline wetlands. Cenerally small, moderately saline (28.4 ± 3.4, 5.4 to 81 g L-I) lakes, with samphire, Ruppia and/or dead trees across the lake bed. These wetlands were more alkaline (P <0.05 to <0.001) than other site groups and while most were once fresh and others naturally saline, almost all are now affected by secondary salinity. Compared with communities of other salt lakes, those in WGlO wetlands had higher richness of both halotolerant (Assemblage E) and halophilic (Assemblage H) species. Species from these assemblages that were more common in WG10 wetlands included the rotifer Hexarthra fennica, ostracod Diacypris spinosa and midge Cladopelma curtivalva. Assemblage G species were also represented in WG10 wetlands but only Meridiecyclops baylyi and Daphniopsis pusilla occurred more than twice: the latter was more common in WG10 sites than in any other wetland group. Two subgroups (lOa and lOb) are discernable from the dendrogram. Wetlands in WGlOa had higher salinity (19 to 81 g L I ) and were located in the central and southern Wheatbelt, whereas subgroup lOb had lower salinity (5.4 to 26 g L-l) and were mostly located in the central and northern Wheatbelt. The geographic separation of these subgroups is probably artefactual and resulted from sampling the northern Wheatbelt in a particularly wet year when small saline wetlands were more dilute than normal. Moreover, there were only very subtle differences in community composition between the SUbgroups and they are unlikely to represent robust community types. Composition of communities in any of the wetlands can be expected to flip around within the variability encompassed by the larger group depending on variation in salinity between years. For example, Lake Walymouring fell within lOa when sampled at 81 g L-l during the survey project and within lOb when sampled at 25 g L-l in the monitoring project.
WGll: Naturally saline wetlands. A heterogeneous group of naturally saline wetlands including small samphire flats, flowing palaeodrainage flats and large open lakes, some with Ruppia across the bed, mostly located in the central and northern Wheatbelt. Most had higher salinities (46.5 ± 7.7, 6.2 to 130 g LI) than those of WG10 (although the difference was not significant) and were in good condition although some, such as Anderson's Lake (SPS106), were affected by waterlogging. Richness of assemblages E and H was only slightly lower in these communities than in those of WClO but a greater range of assemblage G halophiles were present. Invertebrates particularly likely to occur in WGll communities were Aedes camptorhlfllclllls, Brachionus plicatilis, Dolichopodidae sp. A and Ncctcrosoma peniclllatlls.
WG12: Naturally and secondarily saline wetlands. Moderatelv saline wetlands in the southern Wheatbelt (except for Lake Goorly, a northern outlier) separated into two subgroups according to whether they occurred along the south coast or further inland. Salinity ranged from 20 to 127 g L l (excluding 2 subsaline sites that were known to have been more saline in the weeks prior to sampling) and averaged 60.3 ± 7.6 g Ll, but was not significantly higher than in either WG10 or WGll. Most sites were naturally saline but some of the inland wetlands were affected by secondary salinity. Both sUbgroups had lower richness of halotolerant and halophile assemblages (E, G and H) than other moderately saline wetlands, but probably for different, albeit unclear, reasons. The copepod Calamoecia clitellata and isopod Haloniscus searlei were collected most frequently in these lakes and the polychaete iV[illlIll/llnk1l1 n. sp. and the snail Coxiella exposita were particularly common in the coastal lakes.
The remaining two groups consist almost entirely of naturally hypersaline (50 to 300 g Ll), strongly seasonal shallow playa lakes with sandy/clayey sediments, little organic matter and virtually no aquatic vegetation. Communities in these wetlands were characterised by very low richness of assemblages E and H (halophilic/halotolerant species) but presence of a greater range of halophiles from assemblage G than in the more moderately saline wetlands. Several species (muscid dipteran type A, ostracods Oiacypris n. sp., o whitei and D. fodiens, brine shrimp Parartemia longicalldl1tl1 and copepod 5chizopera sp. 1) were collected only from these highly saline wetlands, although only the muscid and AlIstralocypris be1ll1etti were common in both WG13 and WG14.
WG13: Degraded hypersaline lakes. Mostly playa lakes plus the coastal Hutt Lagoon (SPS189) and Yilgarn River (SPS208, a palaeodrainage channel). All were primarily saline (137 ± 19, 33 to 300 g L l ) and most had low pH (5.14 ± 054,2.39 to 8.14) and high silica (18.9 ± 4.4 mg Ll). Only Baandee Lake (SPS022) had salinity <100 g Ll and pH >6. While a few were undisturbed (Lake Ronnerup, SPM025; Frank IIahn Salt Lake, SPS089), most are affected by water regulation (Baandee Lake; Ardath Lake, SPM009), secondary salinity (e.g. Yilgarn River; Master's Saline Lake, SPS097), mining activity (Lake in Kondinin Salt Marsh, SPS016; Moorine Lake, SPS099) or have only arisen since clearing (Simpson's Lake, SPS052) and the low pH of some of these may not be natural. These wetlands appear to have grouped together because they have particularly depauperate faunas (Table 2) 21 rather than because they represent a particular community type. Communities were highly heterogeneous and only the ostracod AlIstralocypris bennetti and ClIlicoides midges were present at >50'1"0 of sites. Species showing a strong preference for acidic waters, the brine shrimp Parartemia contrl1cta, ostracod Reticypris sp. 556 and copepod Call1moecll1 trilobl1ta, were the only other species that were at all common in this group. The ostracod Dil1cypris sp. 523 was recorded solely from acidic lakes but occurred only twice.
WG14. Hypersaline lakes. Most of these were also naturally saline playas (103 ± 12, 47 to 226 g Ll) but all were alkaline (8.12 ± 0.11, 7.70 -9.22), had low silica (1.0 ± 0.2 mg L l ) and most were relatively undisturbed. As for wet lands of WGB, communities were highly heterogeneous and only 16 of the 44 species occurred more than twice. Five species from assemblage G (the copepod 5chizopera sp. 1, brine shrimp Parartemia n. sp. 7 and Parartemia longicl1lldl1ta, and ostracods Diacypris n. sp. and D.
were more common in, or even restricted to, these wet lands and assemblage G was richest in, and showed strongest fidelity to, WG14.
Ordinations and multiple correlations
Ordinations of wetlands based on community composition were performed to investigate discreteness of the wetland groups described above (Figures 6-8 ). In addition, multiple linear correlations between wetland ordination scores and environmental attributes are presented in Table 3 , with fitted vectors shown for the attributes most highly correlated with each ordination. Figure 6 shows two dimensions of a three-dimensional ordination of all wetlands used in the classification. Two main gradients are apparent from the vectors of environmental attributes in Figure 6a . Firstly, vectors for colour, salinity and a number of ionic composition and ratio variables, such as %K+,°! c,HC0 3 and Ca 2 +:alkalinity, are aligned with the vertical axis. This strong salinity gradient is visible when groups from the cluster analysis are denoted according to the salinity category of their component wet lands (Figure 6b ). The vectors for colour and ionic composition indicate a tendency for freshwater wetlands to be more coloured, less Na+CI dominated and to have higher alkalinity than saline wetlands. Secondly, there is a geographic/ climatic gradient, with vectors for latitude, precipitation and spring evaporation aligned with the horizontal axis. This can be seen on Figure 6c , in which the southern and northern-most sites are differentiated. Plots of axes 1 vs 2 and 2 vs 3 are not shown since they simply show the same gradients from different perspectives.
To investigate whether the strong salinity gradient in Figure 6 was masking correlations between other environmental attributes and c omm u n i t ys t r u c t u r ew i t h i n n a r r ow e r r a n g e so f s a l i n i t y ,t h ef r e s hw a t e rl e n t i cw e t l a n d s (W C It o WC 3 p l u sWG 8 a n dWG 9 ) a n dt h e s a l i n ew e tl a n d s (WG IOt oWG 1 4 ) w e r e o r d i n a t e ds e p a r a t e l ya n d n ewm u l t i p l ec o r r e l a t i o n sc a l c u l a t e d( T a b l e 3 ) . F i g u r e7s h ow sat h r e e -d im e n s i o n a l o r d i n a t i o no f w e t l a n d s b e l o n g i n gt ot h ef i v el e n t i ca n dm o s t l y f r e s hw a t e rg r o u p s .T h i ss h ow sc l e a rs e p a r a t i o no f g r a n i t eo u t c r o p p o o l s a n ds o u t h e r nv e g e t a t e d sw am p sf r ome a c ho t h e ra n df r omWG l t oWG 3 ( F i g u r e 7 a )b u tg r o u p sw i t h i nt h e l a t t e r a r en o tw e l l s e p a r a t e df r ome a c ho t h e r( F i g u r e7 b ) .M o s t o ft h e s a l i n i t ya n di o n i cc om p o s i t i o nv a r i a b l e sw e r e l e s s s t r o n g l y c o r r e l a t e dw i t hc omm u n i t yc om p o s i t i o ni n t h i sa n a l y s i st h a nf o rt h ea n a l y s i so fa l lw e t l a n d s ( T a b l e3 ) .I nF i g u r e7 ct h e v e c t o r sf o rs a l i n i t ya n d a l k a l i n i t yi n d i c a t eaw e a k g r a d i e n tr e p r e s e n t e da t i t se x t r em e sb yv e r yf r e s h ,l owa l k a l i n i t ys i t e s ( e s p e c i a l l yt h eg r a n i t eo u t c r o pp o o l s )a n daf ew s i t e st ow a r d st h er i g h to ft h ep l o tw i t h h i g h e r a l k a l i n i t y( > 2 0 0m g L -J ) a n d / o rs a l i n i t y( 3 -6gL l ) . N i t r o g e n a n dp h o s p h o r u sc o n c e n t r a t i o n s ,t u r b i d i t y a n d pH w e r e m o r e s t r o n g l yc o r r e l a t e dw i t h c omm u n i t yc om p o s i t i o ni nt h i sr e s t r i c t e da n a l y s i s t h a n i n t h e a n a l y s i sw i t h a l lw e t l a n d s ( T a b l e 3 )a n d t h e d i r e c t i o no ft h e i r v e c t o r si n F i g u r e7 cr e f l e c t t h e g e n e r a l l y l ow e rv a l u e so ft h e s ev a r i a b l e s i nt h e g r a n i t eo u t c r o p s(WG 8 )a n ds o u t h e r nsw am p s (WC 9 )c om p a r e dt os om ew e tl a n d so fWC 1t o W C 3 . A s f o rt h e a n a l y s i so fa l lw e tl a n d s ,t h e r e w a s a l s oal a t i t u d i n a l / c l im a t i c g r a d i e n t . I na no r d i n a t i o no fs a l i n ew e t l a n d s , W C IO t o WG 1 4 w e r e r e a s o n a b l yw e l l s e p a r a t e d ,t h o u g h a d j a c e n t , i no r d i n a t i o n s p a c e( F i g u r e8 a , c ) . C o r r e l a t i o n so fc omm u n i t ys t r u c t u r ew i t hs a l i n i t y , p r e c i p i t a t i o n ,c o l o u ra n dm o s t i o n i cc om p o s i t i o n v a r i a b l e sw e r e w e a k e r i nt h i sa n a l y s i st h a ni nt h e a n a l y s i s o f a l l s i t e s( T a b l e3 ) , a l t h o u g ht h e c o r r e l a t i o nc o e f f i c i e n tf o rs a l i n i t yw a s s t i l lh i g ha t 0 . 7 2 . O f t h ei o n i cc om p o s i t i o nv a r i a b l e s , o n l y a l k a l i n i t ya n dr e l a t e dv a r i a b l e sa n dr a t i o sh a d c o r r e l a t i o nc o e f f i c i e n t s> 0 . 5 ,b u tt h i ss e em st ob e d r i v e nl a r g e l yb yI owa l k a l i n i t yi nt h ea c i d i cs a l t l a k e s .T h epHv e c t o r( F i g u r e8 d )i sf a i r l ys t r o n g , r e p r e s e n t e da t o n e e x t r em e b y t h ea c i d i c h y p e r s a l i n ew e t l a n d s (m o s t l yW ( 1 3 ) a n da tt h e o t h e rb yt h et e n d e n c yo fw e t l a n d s w i t h s a l i n i t y b e l ow 5 0 g L · l (m o s t l yWG IO ) t ob es t r o n g l y a l k a l i n e( pH 8 .
5t o 1 0 ) .M o s t o ft h e s i t e sw i t h h i g h s i l i c ac o n c e n t r a t i o n s( > 2 0m g L ' l ) w e r e a c i d i cs a l t l a k e s o fWG 1 3 a n dt h i s i s r e f l e c t e di n t h e d i r e c t i o n o ft h e s i l i c av e c t o ri nF i g u r e8 d .A s f o rf r e s hw a t e r w e t l a n d s , t h e r ew a s a g e o g r a p h i c / c l im a t i c g r a d i e n t , a l i g n e d w i t h o r d i n a t i o na x i s3 a n d l a r g e l yr e f l e c t i n gt h el a t i t u d i n a ls e p a r a t i o no f
WG l l a n dWG 1 2 . 
F i g u r e6 O r d i n a t i o n o fw e tl a n d s i t e si n t h e w h e a t b e l t ( s t r e s s0 . 1 8 )a c c o r d i n gt o c omm u n i t yc om p o s i t i o ns h oW i n g( a )
v e c t o r so fm a x im um c o r r e l a t i o nb e tw e e ne n v i r o nm e n t a lv a r i a b l e sa n dw e tl a n do r d i n a t i o na x i sS c o r e s ,( b ) w e t l a n d s i n s i t eg r o u p sam a l g am a t e db ys a l i n i t y :f r e s hw a t e rg r o u p s(WG lt o 3& 6t o 9 ) ,s u b s a l i n eg r o u p s (WG 4& 5 ) ,m o d e r a t e l y s a l i n eg r o u p s(WG lDt o 1 2 )a n dh y p e r s a l i n eg r o u p s(WG 1 3& 1 4 )a n d( c )w e t l a n d s s e p a r a t e db yl a t i t u d e . S e eT a b l e3f o rl i s t o fe n v i r o nm e n t a lv a r i a b l e s . 
Aquatic invertebrates
Sediments and invertebrates
Wetland sediments were characterised for the 60 wetlands in the northern Wheatbelt. These wet lands were classified according to the composition of their invertebrate faunas and between-group differences in sediment characteristics were determined by analyses of variance. This resulted in a classification with seven groups of sites: group 1 hypersaline playas (salinity 47 to 180 g Ll); group 2 -moderately saline wetlands (16 to 74 g V); group 3 -low salinity and often secondarily saline wetlands (4.2 to 14 g L 1 ); group 4 granite outcrops; group 5 freshwater swamps; group 6 shallow freshwater claypans; group 7 flvers. Analyses of variance revealed significant betweengroup differences in %clay (low in rivers and swamps, variable in salt lakes and high in clay pans), %sand (high in rivers and swamps, variable in salt lakes and low in claypans), texture of subsurface sediments (clay-loam to light clays in salt lakes and claypans, sandy loams to loams in rivers and swamps), %gypsum (high in moderately and highly saline wetlands, otherwise low to absent), pH (higher in moderately and highly saline lakes than other wetlands) and salinity (the three groups of saline sites differed from each other and from remaining groups). Texture of surficial sediment,°!c,stones, %silt and %organic carbon were not significantly different between groups.
Rarity
Most species occurred infrequently, with twothirds present at fewer than 6 wetlands and only about 10% present at more than 10')10 of sites. The 274 species collected only once represented about a third of those present in the 202 samples used for the analyses, but their pattern of occurrence is not accounted for in the above analyses, from which they were excluded. Almost half of all singleton species occurred in just 19 wetlands, each of which O r d i n a t i o n o ff r e s hw a t e rl e n t i cw e t l a n d s ( s t r e s s0 . 1 9 )a c c o r d i n gt oc omm u n i t yc om p o s i t i o ns h ow i n g( a )
g r a n i t eo u t c r o p s(WG 8 ) a n ds o u t h e r n sw am p s(WG 9 ) s e p a r a t ef r omw e t l a n d so fW G 1 t o WG 3 , ( b )s am ep l o t r o t a t e dt os h owm a x im um s e p a r a t i o no fWG 1 t oWG 3 a n d( c )v e c t o r so fm a x im um c o r r e l a t i o nb e tw e e n e n v i r o nm e n t a lv a r i a b l e sa n dw e t l a n do r d i n a t i o na x i ss c o r e s .
h a d5t o 1 2s i n g l e t o ns p e c i e s( F i g u r e 9 ) .T h e s es i t e s a l lh a df r e s hw a t e r a n dw e r e e i t h e rsw am p sa n d r i v e r s l o c a t e d a l o n gt h e s o u t h e r n a n dw e s t e r ne d g e s
o ft h e W h e a t b e l t o rw e r ec 1 a y p a n sa n do n eg r a n i t e o u t c r o pa l o n gt h ee a s t e r ne d g eo ft h en o r t h e r n W h e a t b e l t . T h i sp a t t e r ni si n d i c a t i v eo fp e r i p h e r a l r a r i t y(H e n g e v e l da n dH a e c k , 1 9 8 2 ) a n di ti s c e r t a i n l yt h ec a s et h a tn um e r o u ss p e c i e s ,s u c ha s t h e b e e t l eS t e r n o p r i s c u sm a r g i n a t u s , m o s q u i t o C u l e x l a t u s a n dc a d d i s f l yT r i p l e c t i d e sn i v e i p e n n i sa r em o r e c omm o ni nt h eh i g h e rr a i n f a l la r e a so ft h es o u t hw e s t a n d / o rs o u t h -e a s t e r nA u s t r a l i a ( e . g .L i e h n e , 1 9 9 1 ;S t . C l a i r , 2 0 0 2 ;S t o r e y , 1 9 9 8 ;W a t t s , 1 9 7 8 ) .
O t h e r i n v e r t e b r a t e s , s u c h a s t h e b e e t l e N e o h y d r o c o p t u s s u b f a s c i a t u s ,o l i g o c h a e t e P r i s t i n a p r o b o s c i d e a ,o s t r a c o dZ o n o c y p r e t t ak a l i m n aa n df a i r y
s h r im p sB r a n c h i n e l l ao c c i d e n t a l i sa n dB . s im p l e xa r e m o r e c omm o ni nn o r t h e r na n d / o ri n l a n dW e s t e r n A u s t r a l i a( e . g .H a l s e ,S h i e le ta l . ,2 0 0 0 ;P i n d e r ,2 0 0 1 ; T imm s ,2 0 0 2 )a n dm o s 1 8 s p e c i e sf r om8 2w e t l a n d s= 0 . 2 2± 0 . 0 7 / s i t e )a n da sap r o p o r t i o no ft h et o t a l n um b e ro fs p e c i e so c c u r r i n gi ns a l tl a k e s( 9 . 3% ) . S a l t -l a k e s i n g l e t o n sw e r e h a l o p h i l i co s t r a c o d s , c 1 a d o c e r a n s ,c o p e p o d s ,b r i n es h r im p s ,r o t i f e r s , m o s q u i t o e s a n dC o x i e l l as n a i l sa n dm o s t w e r e n ew s p e c i e s .
t l y o c c u r r e di n t h e n o r t h e r n o re a s t e r nW h e a t b e l t i nt h i ss u r v e y .F o r t h e s e ' p e r i p h e r a l 's p e c i e s ,p r o t e c t i o no fw e t l a n d h a b i t a t i nt h eW h e a t b e l t i sp r o b a b l yn o tc r u c i a lt ot h e i r c o n s e r v a t i o n .F o r o t h e rs p e c i e s ,e s p e c i a l l yn ew s p e c i e sa n dm o s t o ft h o s e a s s i g n e dm o r p h o s p e c i e s c o d e s , l i t t l et on o t h i n g i s k n ow n o f t h e i r d i s t r i b u t i o n sa n de n v i r o nm e n t a lr e s p o n s e ss oi ti s d i f f i c u l tt op l a nf o rt h e i rc o n s e r v a t i o n ,o t h e rt h a n a d d i n gt h em t o t h e l i s t s o fs p e c i e so c c u r r i n gi nt h e w e t l a n d t y p e si d e n t i f i e df r omt h ea b o v ea n a l y s e s ( T a b l e2 ) .T h e m a j o r i t y o fs i n g l e t o ns p e c i e sw e r e c o l l e c t e df r omf r e s h t o s u b s a l i n e w e t l a n d s( T a b l e 2 ) , w h e r e t h e ya c c o u n t e df o r3 2% o fa l l s p e c i e s c o l l e c t e df r omw e tl a n d s i n WG 1 t o WG 9 . S a l tl a k e s o fWG lO t o WG 1 4 h a df ew e r s i n g l e t o n s p e c i e s ,b o t h i n a b s o l u t en um b e r s(
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f r e s hw a t e rw e t l a n d s w e r e o r d i n a t e ds e p a r a t e l y . S a l i n i t y w a s a l s oa s s o c i a t e dw i t h c omm u n i t y c om p o s i t i o ni ns a l tl a k e s ,b u t , t oal a r g ee x t e n t , g r o u p sf r omt h e c l u s t e ra n a l y s i sp r o b a b l yr e p r e s e n t u n s t a b l ed i v i s i o n sa l o n gag r a d i e n to fc omm u n i t y c h a n g ei nr e s p o n s et os a l i n i t y( a l b e i tm o d i f i e d b y t h eo c c u r r e n c eo fs e c o n d a r ys a l i n i t y ,pH a n d p o s s i b l y g e o g r a p h y ) r a t h e r t h a n r o b u s t d i s c o n t i n u i t i e si n c omm u n i t yc om p o s i t i o n . M a n y o ft h ew e t l a n d s i nt h es u r v e yo n c eh e l d f r e s hw a t e rb u ta r en ows e c o n d a r i l ys a l i n i s e dt o v a r y i n g d e g r e e s . I ns u c h w e t l a n d s , a l t e r e d to 20 g L-l the species pool in once freshwater wet lands is largely restricted to a limited suite of widespread salt-tolerant or halophilic invertebrates. Figure 10 shows the decline in species richness as salinity increases. It is important to note, however, that in freshwater wet lands that have become saline, invertebrate communities do not simply converge towards those of natural salt lakes, as the latter support many species (most of assemblage G) not found in freshwater wetlands that have become saline. However, naturally saline lakes that were affected by secondary salinisation also had lower richness of species from assemblage G than did minimally disturbed salt lakes. The eight most clearly degraded natural salt lakes (such as Pickersgill . , j C l .
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For those presumed south-west endemics that are better-studied, previous work in the south-west and Carnarvon Basin provides a framework for allocating distribution patterns (ARL, 1992; Bayly, 1992; Bunn, 1986; Davis et al., 1993; Edward et a!., 1994; Horwitz, 1994; Pusey and Edward, 1990; Storey, 1998; Storey et al., 1993 and unpublished data) . Distributions fit three broad patterns. Firstly, most of the insects, water mites, annelids, Cherax crayfish, molluscs and a few ostracods (altogether about 50 species) appear to occur predominantly in freshwater wetlands of coastal or higher rainfall parts of the south-west. In this survey, such species A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel tended to occur mostly in the Jarrah Forest and Esperance Sandplains bioregions, although a few occurred in wet lands on the Geraldton Sand plains. Secondly, invertebrates such as Coxiella snails, Parartemia brine shrimps, Branchinella fairy shrimps, Paroster beetles, some copepods and cladocerans and a large number of ostracods (together comprising about 65 species) appear to have more inland or eastern distributions and, in this survey, tended to occur mostly in the Avon-Wheatbelt and Mallee bioregions or in the eastern Esperance Sandplains. Most of these inhabit granite outcrop pools or salt lakes (particularly the naturally saline playas). They were not collected in the Carnarvon Basin survey but may occur in suitable habitat in the Goldfields region east of the Wheatbelt, although diversity is likely to attenuate with increasing aridity (De Deckker, 1983; Williams, 1998a) . Lastly, 30 or so species are more widespread in the south-west, occurring widely in the Wheatbelt but also in the Carnarvon Basin and/or the mesic south-west.
With respect to overall similarities with other regions, about 20% of the species in Appendix 3 were also collected in the southern Carnarvon Basin by . This is probably a reasonably accurate estimate of similarity except for the difficulty of comparing some of the dipteran families. Species in common represent about 40% of the Carnarvon Basin fauna and are mostly widespread in Australia, though a few (e.g. Branchinella halsei and Uvarus pictzpes) are endemic to southern Western Australia. Comparisons with other published studies (listed above) indicate that regions to the south-west of the Wheatbelt (western Jarrah Forest, Warren and Swan Coastal Plain bioregions) share at least 27% of species in Appendix 3. However, inconsistent morphospecies coding and the fact that groups such as rotifers and oligochaetes were not identified in these other studies, suggest this is likely to be a gross underestimate of similarity.
Wetland invertebrate communities
The species collected at each wetland represent only a subset of those actually present at the time of sampling and those utilising the wetland through time. Previous analyses suggest that the sampling protocol used here collects around 60% of species present in the wetland at the time of collection but Halse, Pearson et al. (2000) and Halse, Cale et al. (2002) concluded that this was sufficient to characterise wetland communities using multivariate analysis. Likewise, Growns et al. (1992) found that comparable sampling effort was sufficient to produce a useful classification of wetlands on the Swan Coastal Plain. Such characterisations are most easily translated into regional conservation planning when identified community types arc uniquely associated with particular assemblages and occur in distinct and easilv identifiable habitats. The extent to which this occurred in the survev was variable. Some of the wetland groups identified from the cluster analysis, such as granite outcrop pools (WC8), southern swamps (WC9), and rivers (WC6 and 7), clearlv represented distinct habitat types and particular assemblages showed high fidelity to these. Other wet land groups included a broader array of habitats and their communities were distinguished only by differential richness of a range of assemblages. For instance, wetlands of WC4 and WCS were mostly freshwater wet lands that had become slightly saline and their communities were distinct onlv in that they combined a salt-tolerant remnant of freshwater communities with a limited halophile element that has colonised since salinisation. Croup WCl also included a broad range of freshwater wetlands, ranging from sedge or tree-dominated swamps through to open ponds, and communities were highly heterogeneous, with only onc small assemblage showing moderate fidelity to these wetlands.
While WC3 wetlands were geographically restricted and represented a reasonably uniform habitat tvpe (swamps dominated by trees) their communities appeared to be simply depauperate versions of those occurring in WC1. Communities of shallow claypans (WC2) were also largely species-poor versions of those in WCl but, because a number of species showed a preference for such wet lands, recognising them as a distinct group has value for conservation planning. In saline wetlands, species-poor heterogeneous communities, together with broad salinity tolerance and rarity of most halophile species, made recognition of distinct community types particularly difficult. Some playas, such as those in WCB and WCI4, consistently reached very high salinities (>100 g Lt), even at high water levels, and their communities were distinct in that they included a number of species, such as Parartemia brine shrimp and some ostracods, that were uncommon at lower salinities. For a small number of acidohalophilic species, the low pH conditions in some WCB wetlands were particularly important. The remaining natural but more moderately saline wetlands in groups wc;n and part of WC12 were essential habitat for numerous halophilic species that tended not to occur at the highest salinities, but their heterogenous communities prevented delineation of robust community types. Secondarily saline wetlands (most of those in WClO and some of WCI2) had communities that were distinct from natural salt lakes but are of limited conservation in,portance for invertebrates.
Assessing the validity and utility of the classification of Wheatbelt wet lands is difficult because there have been few Australian studies of 29 comparable scope with which to compare our classification. liaise, divided S6 Carnarvon Basin wetlands into five groups based on invertebrate communities: larger flowing streams, river pools and rock pools; smaller creeks, seeps and springs; freshwater claypans; birridas (coastal evaporite pans) and Lake MacLeod (a particularly large birrida). Compared with the Wheatbelt, there was a greater tendency for species assemblages to be restricted to particular wetland groups but the groups were more physiognomically distinct than manv of those identified in the Wheatbelt. In the arid Paroo region of New South Wales and Queensland, Timms and Boulton (2001) classified 87 wetlands according to their invertebrate faunas. The wetland typology produced was broadly similar to that presented here for the Wheatbelt and consisted of "saline wetlands", "claypans", "vegetated depressions", "riverine waterholes" and "freshwater lakes". As for the Wheatbelt, many freshwater assemblages occurred across multiple wetland types but their relative importance in the types varied. Groupings of the Paroo saline wetlands more-or-Iess corresponded to the subsaline (WG4-S), moderately saline (WG10-12) and hypersaline groupings in the Wheatbelt. Significantly however, considering the difficulties of distinguishing robust community types in Wheatbelt salt lakes, Timms and Boulton (2001) concluded that saline lakes are appropriately considered as a single entity in any wetland classification because of their wide fluctuations in salinity and the broad salt tolerance of their fauna. Most other surveys have been restricted to particular types of wet lands and so are not of comparable scope. For example, the 41 sites on the Swan Coastal Plain surveyed by Growns et al (1992) were all lentic basin wetlands. In that survey, three mildly saline lakes and a secondarily acidic lake were outliers but the remaining wetlands, all freshwater, grouped according to physico-chemistry (nutrients and colour) and seasonality. Fidelity of assemblages to wetland groups was greater than in the present survey, with six of the nine assemblages showing high fidelity to particular groups of wetlands.
Environmental influences on invertebrate occurrence Hawkins et al. (2003) suggest that contemporary climate explains much of variation in species richness over large scales. This survey certainly showed that geographic position and climate influence distribution patterns of the fauna at the regional scale, probably acting through their influence on hydrology, salinity, extent of secondary salinisation and distribution of particular habitats such as flowing water, granite outcrops and claypans (see Figure 8 in Halse et ai, 2003) . At a 30 more local scale, salinity is clearly a key determinant of community composition and assemblage richness, though turbidity, flow and pH are important in some situations.
Geographic position and climate
Geographic position and climate are most likely to influence species occurrence at scales larger than those of most studies. The association of latitude and longitude with community composition in Carnarvon Basin wetlands reflected distribution of certain habitat types in the region, and possibly correlations with other variables such as flow in rivers and salinity rather than large-scale zoogeographic patterning (Halse, Shiel et ai, 2000) . The same probably applied in Kay et ai's (1999) survey of north-western Australia, which found regional differences in the family-level composition and richness of riverine communities in northwestern Australia, although individual families tended not to have restricted distributions. In the Wheatbelt, the main faunal gradient in response to geographic and climatic variables extended from the south-west and coastal regions to the north-east and inland. Thus, the southern swamps of WG9 and the active rivers of WC6 and 7, were located on the south-west and coastal limits of the study area, with saline wetlands and other types of freshwater tending to occur further inland or north. Communities in rivers flowing to the south and west coasts were clearly different from each other and from those of the inland palaeodrainage channels, confirming a weaker pattern noted in a family-level analysis of riverine communities by Kay et al. (2001) . Geography and climate were also parameters in most of the assemblage richness models, usually reflecting the same south-west/ north-east gradient. However, some apparent geographic patterns, particularly the spatial separation of the subsaline groups (WC4 and WC5) and saline groups (WCll and WG12), should be viewed with caution because the northern, central and southern parts of the Wheatbelt were sampled under different climatic conditions and differentiation between these groups may be artefactual.
Salinity and secondary salinisation
Salinity was a strong parameter in most of the assemblage richness models, was significantly and strongly correlated with community composition in ordinations and varied substantially between many of the wetland groups derived from the cluster analysis. The salinity range 10 to 20 g Lot appeared to be associated with a particularly rapid shift in community composition, although compositional changes were evident at even lower salinities. Response of aquatic invertebrate communities to low levels of salinity has been shown elsewhere A. M. Pinder, S. A. Halse,] . M. McRae, R.]. Shiel (e.g. Timms, 1993) , including lakes of the far southwest coast of Western Australia, where maximum salinity was <3 g L 1 (Edward et ai, 1994) . In this survey, richness of the two assemblages that showed most sensitivity to salt tended to be greatest in higher rainfall belts, suggesting that the assertion of Horwitz (1997) that salt sensitive species in the Warren region are most likely to occur along the higher rainfall coast applies at a larger and more general scale to south-west Western Australia as a whole. Nonetheless, community composition of wetlands within drier areas also showed variation in response to small changes in salinity, as shown by separation of freshwater communities of WC1 to WG3 from the subsaline communities of WG4 and WC5. Within saline wetlands, salinity thresholds associated with substantial differences in community structure were less evident. While richness certainly responded to large changes in salinity, so that wetlands with the highest salinities (>100 g Lot) have particularly depauperate communities, most halophiles had broad salinity tolerances and subgroupings of the highly heterogeneous communities in more moderately saline wetlands were not obviously related to salinity per se. Timms (1993) and Williams (1981) also noted that many salt lake species occurred across broad ranges of salinity and that, while salinity was important, it was not sufficient by itself to explain much of the variation in salt lake communities. This idea was expanded upon by Williams et al. (1990) , who found a strong relationship between salinity and aquatic invertebrate community composition in wetlands when the full salinity spectrum was considered, but suggested that other (unidentified) biotic and abiotic variables were likely to be as important, or more important, within narrower ranges of salinity. The influence of a number of such variables on salt lake communities (pH, ionic composition, oxygen, hydrologic patterns and stochastic events) was reviewed by Williams (1998b) . Our results lend support to this concept, with salinity being strongly related to the higher level divisions of the wetland classification and contributing to many of the assemblage models, but other variables (including pH and the effects of secondary salinisation) being important in particular situations and ranges of salinity.
Ionic composition, though known to influence occurrence of salt lake species (Herbst, 2001; Mezquita et al., 1999; Radke et al., 2003; Timms, 1983) , was remarkably uniform in Wheatbelt salt lakes and there was little evidence that it was important at the community or assemblage level. In general, correlations of particular ionic concentrations and ion ratios with community composition and assemblage richness appeared only to reflect the greater diversity of ionic composition in freshwater wl'llands, where precipitation pathwavs drl' inconsequential, or resulted from correlations between bicarbonate concentration, salinitv and pll rather than any discernible direct effect of ionic composition. Responses of individual salt lake species to ionic composition and precipitation pathways might be revealed bv more detailed analvses such as those employed by Radke et al (2003) . One example of such a response that is frequently quoted (e.g. Williams, 1998b ) is the suggestion of Bayly (1969) that a high ratio of total carbonates to chloride (Alk:Cl) permitted the otherwise freshwater copepod Boeckella trlartzClllata to occur in salt lakes (up to 22 g L i in his Western Victorian lakes). However, l3ayly (1969) qualified this observation by suggesting that Alk:CI may onlv be important in rendering saline water with high monovalent:divalent cation ratio (>8 in l3ayly's lakes) non-toxic to some freshwater species. This qualification, not always noted bv subsequent authors, is supported bv our data. Boeckella trlartzClIlata regularly inhabited wheatbelt salt lakes (salinitv up to 25 g Ll) despite lmv (0.03-0.005) Alk:CI, but the ratio of monovalent to divalent cations was also low (mostlv 1 to Secondary salinisation and related processes of waterlogging and acidification are of critical importance to conservation of biodiversity in the Wheatbelt (Halse et aI, 2003) . A large proportion of species in AppendiX 3 occurred only in freshwater or had limited salt tolerance and this survey has shown that freshwater wetlands subject to secondarv salinitv have dramaticallv reduced . .
. species richness and communities composed of a limited suite of halotolerant and halophilic species. A more detailed analysis of species' salinity tolerance (pinder et aI, in press) revealed that 54';{) of freshwater species were restricted to salinities below 3 g L' and 83% were restricted to salinities below 10 g Ll. However, these figures probably overstate the threat to the regional fauna because 1) we are likely to have under-sampled the salinity range of rare species, 2) not all freshwater wetlands will become saline and habitats such as freshwater seeps entering wetlands from perched aqUifers provide low salinitv microhabitats, 3) substantial seasonal and inter-annual fluctuations in salinitv occur, especially freshening of wetlands after large floods and 4) pools on granite outcrops and artificial wetlands are likely to provide refuge for a substantial proportion of species (almost half the freshwater species occurred in such habitats during the survey). lIaise et al (2003) , taking into account these ameliorating factors, suggested about onethird of freshwater species are at risk of extinction from the Wheatbelt. Also, some of the species that might disappear from the Wheatbelt will persist in other regions not threatened by salinity.
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An important finding from this survey is that freshwater wetlands that have become saline are of little conservation value for many halophilic species, though reasons for this are not clear. Most naturallv saline wetlands in the Wheatbelt have strongly seasonal hydrological and chemical regimes and life history events, such as egg production and hatching of drought-resistant propagules, are almost certainly cued to this environmental periodicity in some species (De Deckker, 1983; Geddes, 1981) . Subdued seasonality in secondarily saline lakes most likely disrupts the reproductive cycle for such species, though little is known about the biology of most halophiles.
There was evidence that secondarily salinisation has detrimental effects on invertebrate communities of natural salt lakes, but detection of such effects was made difficult by low richness and inherent heterogeneity of highly saline communities and the rarity of most halophilic species. Halse et al. (1993) and Lyons et al (2004) have demonstrated that secondary salinisation also has significant effects on the aquatic and fringing vegetation of natural salt lakes. Acid salt lakes are an unusual but, in some cases, natural feature of the Wheatbelt (Bettenay et ai, 1964; Mann, 1983 ) and a few species occur predominantly in such conditions. Nonetheless, it was clear from the survey that acidic hypersaline wetlands have particularly depauperate communities. Secondary acidification, associated with rising groundwater and excavation of drainage channels in areas of ferric or sulfate soils, is thus a further threat to salt lake diversity.
Assemblage modelllllg
Some of the geographic, climatic and chemical variables measured in this survey certainly influenced the distribution of species in some situations but models based on them accounted for only 36 to 79'/;, (mean 63°!c,) of variation in assemblage richness. There are several possible reasons why explanatory power was not higher: 1) invertebrates responded to variables not quantified in the survey, 2) many species were genuinely rare so their habitat envelope was inadequately sampled, 3) presence of species was inconsistently detected, 4) many species were tolerant of a wide range of conditions and 5) stochastic processes played a significant role in species distributions. Probably all of these affected modelling.
One complex variable (or suite of variables) that could not be quantified in sufficient detail in this type of spatially oriented survey was stage of the hydroperiod, although it is known to influence both spatial and temporal distributions of species (Hancock and Timms, 2001; Timms, 2001) . Most wheatbelt wet lands are generally seasonal rather than episodic or permanent and all were sampled in late winter to mid-spring. However, local spatial and temporal differences in rainfall, hydrology and catchment morphology are likely to have caused wetlands to fill at different times to different depths prior to sampling. Williams (1981) noted that hydrological cycles of lakes can vary substantially, even within a restricted region, and Williams (2000) suggested that "local differences in hydrology, filling frequency, basin morphometry and other factors" interact so that wetlands in the same area will fill at different rates, resulting in a "mosaic of communities, each wetland somewhat different from others nearby". Shiel et al. (1998) , studying microinvertebrates in freshwater billabongs, also suggested that heterogeneity of species dispersion mirrors heterogeneity of habitats, reflecting slight differences in hydrology, morphometry, substrates and vegetation. Past hydrological regimes are also likely to have influenced the species mix and viability of dormant propagules.
Microhabitat diversity within Wheatbelt wetlands was not quantified but is likely to have influenced the mix of species present. Although a quad ratbased floristic survey of these wet lands was undertaken (Lyons et al., in press), quantitative measurements of vegetation within and around wetlands, such as cover and biomass, were not made. Sediment variables showed some association with invertebrate community composition in the northern Wheatbelt, (for example %clay in sediments of freshwater wetlands might be a better correlate of assemblages inhabiting claypans than turbidity) but were not sampled at enough wetlands to enter into assemblage models. Pinel-Alloul et al. (1995) found that power to explain zooplankton composition was substantially higher when biotic and abiotic factors were considered together rather than alone. In the wheatbelt, biotic processes such as colonisation history and species interactions are likely to have played a role in structuring invertebrate communities and these can interact with salinity and hydrology (Colburn, 1998; Geddes, 1986; Mitchell, 1986; Sarma et ai, 2002; Shiel et al., 1998) but are not readily incorporated into simple predictive models.
Dispersal of invertebrates and their propagules, via episodic flood events, wind dispersal from dry sediments, phoresy on birds and insects (see Figuerola and Green, 2002) and colonisation by flying insects can play an important role in invertebrate community structure. Jenkins and Buikema (1998) , for instance, have shown that colonisation history can create different zooplankton communities in wetlands that are physico-chemically similar. Dispersal and colonisation however can be stochastic in nature and absence of a species from suitable habitat is likely to have been a matter of chance in many cases (Maly et al., 1997) .
Finally, the structure of the data influences its amenability to modelling. Some assemblages, such A. M. Pinder, S. A. Halse, J. M. McRae, R. J. Shiel as assemblage D, were sparsely distributed across a wide range of wetland types and were comprised of very infrequently occurring species. It is questionable whether these represented real assemblages in an ecological, as opposed to a statistical, sense and, if they did, whether their environmental responses can be successfully modelled with so few data points. Conversely, many species in Wheatbelt wetlands were extremely widespread and common, occurring across at least southern Australia and were seemingly tolerant of a wide range of conditions (e.g. the species comprising assemblage E). For these species, some of the variables that determine their occurrence will appear unimportant unless part of the variable's range that lies beyond the species' broad habitat envelope is sampled. For example, while most invertebrates in the Wheatbelt are adapted to seasonal hydrological regimes, many would not occur in more episodic habitats of arid regions further inland. Climate variables might contribute more strongly to predicting richness of these ecologically tolerant assemblages if a larger part of the State were considered.
Summary
The Wheatbelt has been shown to have a wide variety of wetland types inhabited by a rich and very diverse aquatic invertebrate fauna of largely southern Australian affinity. Many wetland habitats need to be included in conservation programs to protect this component of the biota, including naturally saline playas, coastal lakes and streams (with a variety of natural salinity and hydrological regimes) and freshwater wetlands of both high and low rainfall areas. A variety of freshwater wetlands, including claypans, granite outcrop pools and rivers as well as lakes and swamps, are required to provide adequate habitat for aquatic invertebrates in the region. Freshwater lakes and swamps had highest species richness but pools on granite outcrops and saline playas are especially important for a large proportion of species potentia 11 y restricted to the inland south-west. Salinity is a primary determinant of the occurrence of species and secondary salinisation has the potential to dramatically reduce aquatic biodiversity in the region. The diffuse nature of the threat posed by salinisation and the patchy distribution of most species means that conservation programmes will need to focus on catchment or landscape scale approaches to protecting the various wetland habitats identified in this survey if all Wheatbelt aquatic invertebrates are to be conserved. Recommendations for the protection of wetland habitat for the region's aquatic biota, including suggestions for high conservation value wetlands that might be included in the Natural Diversity Recovery Catchment program (Anonymous, 1996) , Commander, D.P., Schoknecht, N., Verboom, W. and Cacetta, 1'. (2002 (2004) .
